A survey of the presence of Salmonella and Shigella in freshly squeezed orange juice and related samples was conducted in Guadalajara, Mexico. One hundred samples of freshly squeezed orange juice were collected from 49 street booths and 51 small food service establishments. In addition, 75 fresh orange samples, each consisting of five orange units, and 75 wiping cloths were collected from the same establishments from which juice had been collected. Salmonella was isolated from 14, 20, and 23% of samples of orange juice, orange surfaces, and wiping cloths collected from street vendors, while Shigella was isolated from 6, 17, and 5% of these samples. In general, the frequency of isolation of these pathogens in samples from juice serving establishments at public markets was significantly lower than that found among street vendors (P Ͻ 0.05). Salmonella enterica serotypes Agona, Typhimurium, and Anatum were found in orange juice, fresh oranges, and wiping cloth samples, while serotype Mexico was found on fresh oranges and in wiping cloths and serotypes Muenchen and Panama were found only in wiping cloth samples. Regarding Shigella species, Shigella sonnei was found in all three types of sample tested; Shigella dysenteriae was found in juice and orange samples, Shigella boydii in orange and wiping cloth samples, and Shigella flexneri on oranges only. Thirty-one percent and 39% of the juice samples showed aerobic plate counts of Ն5.0 log CFU/ml and Escherichia coli counts of Ͼ3.0 log CFU/ml, respectively. These high counts may indicate poor sanitation and potential exposure to fecal contamination either in the raw materials or during the orange-crushing and juice-serving process. These data may be useful for a further risk assessment of Salmonella or Shigella in unpasteurized, freshly squeezed juice.
The ability of different pathogens to survive in lowpH environments has been documented at length (5, 9, 12, 20, 23) .Therefore, it is not surprising that unpasteurized juices, such as orange and apple juices, have been identified as the vehicle of foodborne pathogens in several outbreaks (17) . In particular, unpasteurized orange juice has been linked to several outbreaks of disease caused by Salmonella (3, 4, 11) , Shigella (21) , or viruses (8) in different countries. Although foodborne pathogens can be destroyed by pasteurization, consumption of unpasteurized juice occurs frequently due to consumer preferences. Freshly squeezed juice may be an important source of pathogens if the fruit is contaminated. In a previous study, Martínez-Gonzales et al. (14) demonstrated the relocation of Salmonella, Escherichia coli O157:H7, and Listeria monocytogenes from contaminated oranges onto all utensils used during orange crushing and into the juice. The safe production of juice is guaranteed in the United States by a recently approved rule that requires all juice processors to apply the hazard analysis and critical control points system during juice processing and to achieve a specific level of pathogen reduc-tion (6) . However, this rule is applicable at the industrial level, and home or restaurant making of juices may not be required to introduce a pathogen reduction step during preparation. It is therefore important to collect data for further use in conducting risk assessment of specific pathogens in unpasteurized juices. Helpful data would include but not be limited to the distribution of specific pathogens in juices and raw materials, survivability of pathogens in juices, or infective doses in juice-related outbreaks or cases of foodborne illness. The objective of this study was to determine the incidence of Salmonella and Shigella in fresh-squeezed orange juice, fresh oranges, and wiping cloths collected from street booths and from small food service establishments in Guadalajara, Mexico.
MATERIALS AND METHODS
Sample sites. All samples in this study were collected from street vendors or from small food service establishments located at public markets in Guadalajara, Mexico. Street vendors included only those dedicated to serve orange juice in mobile booths, which did not usually have any hand washing resources. Oranges were stored in boxes or racks in the booth and were not thoroughly washed before squeezing. Small food service establishments usually served fruit juices, smoothies, and milk shakes and had access to potable water and hand washing facilities.
Sample collection. Over a 1-year period, 100 samples of freshly squeezed orange juice were collected from 49 street vendors and 51 small food service establishments. Each sample consisted of approximately 200 ml of fresh-squeezed orange juice, which was poured by the vendor into a disposable plastic cup immediately after squeezing. After purchasing, the juice was immediately poured into a sterile glass flask, which was closed tightly to prevent leaks and placed in a rack for transportation. At the same time, a total of 75 samples of fresh oranges, each consisting of five orange units, and 75 cloths used for wiping surfaces were collected from the same establishments from which juice was collected. Each orange or wiping cloth sample was placed in a sterile plastic bag for transportation. All samples were transported to the laboratory without any refrigeration and processed within 1 h after collection.
Sample preparation. A 5-ml portion of orange juice was separated from each sample and used for pH measurement. The pH of the remaining juice sample was adjusted to 7.0 by adding sterile 1 N sodium hydroxide solution, and then 30 ml of juice was aseptically transferred into a flask containing 30 ml of sterile gram-negative (GN) broth (Bioxon and Becton Dickinson, Mexico City, Mexico) for microbiological analysis.
Sampling of the surfaces of fresh oranges was accomplished by swabbing the oranges with three sterile cotton gauze swabs. The swabs were made by folding 50-cm-long pieces of gauze to obtain pads measuring 2.5 by 2.5 cm, which were then covered in aluminum foil and autoclaved for 15 min at 121ЊC before using. For each sample, two swabs were dampened with sterile 0.1% peptone water and pressed to remove excess liquid and were then used to swab the entire surface of each of the five oranges. Subsequently, the surfaces of all oranges were swabbed with a sterile, dry swab. The three swabs then were placed in 30 ml of GN broth (Bioxon and Becton Dickinson).
For sampling wiping cloths, each cloth was removed from the bag, placed on sterile foil, and measured with a ruler. If the dimensions of the rag were more than 16 by 15 cm (240 cm 2 ), the cloth was cut with sterile scissors to obtain a piece with these dimensions. This was the size of the smallest rag in the first set of samples, and all other rags were cut to ensure the same size in all samples. The wiping cloth samples were then placed in a glass flask with 30 ml of GN broth and subjected to microbiological analysis.
Microbiological analysis. All samples were tested for Salmonella and Shigella and for coliform and E. coli counts. Juice samples were also tested for aerobic plate count (APC). To compare different analytical routes in the detection of Salmonella and Shigella, investigation of these pathogens was conducted by direct plating, preenrichment only, and preenrichment followed by enrichment-only methods. For juice samples, the direct plating method consisted of streaking one loopful of juice onto MacConkey (Bioxon and Becton Dickinson), xylose lysine deoxycholate (Bioxon), and Salmonella-Shigella (Bioxon) agar plates and incubating at 35ЊC for 24 h. Direct enrichment was conducted by adding 30 ml of juice to 30 ml of tetrathionate broth (Bioxon), incubating at 43ЊC for 24 h and then plating onto brilliant green sulfadiazine agar (Bioxon) and bismuth sulfite agar (Bioxon) and incubating at 35ЊC for 24 to 48 h. For the preenrichment method, 30 ml of juice was added to 30 ml of GN broth. One loopful each of this mixture was streaked onto MacConkey, xylose lysine deoxycholate, and Salmonella-Shigella agar plates. The GN preenrichment broth was incubated at 35ЊC for 18 h and then streaked again onto MacConkey, xylose lysine deoxycholate, and Salmonella-Shigella agar. One milliliter of the preenriched GN broth was transferred into tubes containing 9 ml of selenite cystine and tetrathionate broths and was incubated at 43ЊC for 24 h. One loopful of each broth then was streaked onto brilliant green sulfadiazine agar and bismuth sulfite agar for incubation at 35ЊC for 24 to 48 h. Although methods involving plating on brilliant green sulfadiazine agar and bismuth sulfite agar were intended for Salmonella testing and those involving plating on MacConkey, xylose lysine deoxycholate, and Salmonella-Shigella agar were intended for Shigella testing, all plates were inspected for colonies of both pathogens.
Investigation of Salmonella and Shigella in oranges or wiping cloth samples was conducted by placing the samples in flasks containing 30 ml of GN broth and then plating onto MacConkey, xylose lysine deoxycholate, and Salmonella-Shigella agars and continuing as described above except for the direct enrichment in tetrathionate broth, which was not included for these types of samples. All isolates were confirmed as Salmonella or Shigella by conventional biochemical and serological tests and were then sent to the Instituto Nacional de Diagnóstico y Referencia Epidemiológicos (National Institute of Epidemiologic Diagnosis and Reference) in Mexico City for further serotype identification.
APCs were conducted by pour plating appropriate decimal dilutions of each type of sample by using standard-method agar (Bioxon) and incubating at 35ЊC for 48 h. Coliform counts were carried out in violet red bile agar (Bioxon) and incubating at 35ЊC for 24 h. After colony enumeration, the VRB plate containing 25 to 250 colonies was separated and a number of typical colonies representing 10% of the total number on the plate was transferred, purified, and streaked onto eosin methylene blue agar for further biochemical confirmation of E. coli (7) . For each sample, the number of colonies testing positive for E. coli was multiplied by 10 and then by the dilution factor for counting the number of E. coli bacteria in the sample.
Data analysis. Percentages of Salmonella or Shigella contamination for samples obtained from street vendors and public markets were compared (P Ͻ 0.05) by using the test of difference between two binomial populations (15) . APC and coliform and E. coli counts were transformed into log before preparing frequency charts. Table 1 show the frequency of detection of Salmonella and Shigella from samples of orange juice, oranges (superficial contamination), and wiping cloths collected from street vendors and food service establishments at public markets in Guadalajara. Salmonella was isolated from 14.3, 20.0, and 22.8% of samples of orange juice, the surfaces of oranges, and wiping cloths collected from street vendors, while Shigella was isolated from 6.0, 17.1, and 5.0% of these samples. In general, the frequency of isolation of these pathogens in samples from juice-serving establishments at public markets was significantly lower than that found among street vendors (P Ͻ 0.05). The differences in the isolation rate of Salmonella and, to some extent, Shigella from orange juice from street vendors and public markets may be explained by the limited access to hygiene resources that commonly affects street vendors. However, the lack of resources such as potable water for washing oranges or hands in street booths or carts would explain only the differences in magnitude of objectionable contamination. Although there were only two or three samples testing positive for Salmonella or Shigella, the finding of these pathogens in well-established food service operations is of concern. In this type of establishment, tap water, detergents, and sanitizers are always available. The finding of Salmonella and Shigella in the oranges might indicate that these pathogens come originally from contaminated fruits. However, due to poor sanitation often observed during this study, the source of these pathogens remains uncertain. It is important that diversifying the methods used to isolate Salmonella and Shigella strains from the three kinds of samples allowed us to increase the number of positive samples, obtaining in same cases isolates only by using the direct plating method and not by preenrichment or vice versa ( Table 2 ). The three serovars of Salmonella identified in orange juice samples (Agona, Typhimurium, and Anatum) were also isolated from orange surfaces and wiping cloths ( Table  3 ), indicating that these materials may be important sources of pathogens such as Salmonella found in freshly squeezed juice. Serovars such as Mexico were also isolated both from orange surfaces and wiping cloths. Furthermore, the diversity of serovars isolated from wiping cloths would indicate that other serovars might be present in oranges and orange juice even though they were not detected. Martínez-Gonzales et al. (14) observed that, even if all utensils were sanitized before use, pathogens can be easily transferred to the juice from contaminated oranges. According to these authors, juice extraction involves practices that can result in cross-contamination by different mechanisms, making juices easy to contaminate if proper sanitation is not observed or if the raw fruits are contaminated. Further studies including DNA fingerprinting will permit a more detailed description and tracing of sources of pathogens to the orange juice and the mechanisms by which these pathogens are transmitted from oranges and contaminated surfaces into the juice.
RESULTS AND DISCUSSION

Data in
pH values of orange juice ranged from 3.0 to 4.8, with approximately one-third of the samples showing a pH of Ն4.0, and 13% of these samples were positive for Salmonella and Shigella. Despite the common belief that low-pH foods are safe, which does not have any scientific support, the relatively large number of reports of foodborne illness associated with orange and other fruit juices indicates that unpasteurized juices pose a high public health risk (17) . Several authors have reported that pathogens such as Salmonella, Shigella, E. coli O157:H7, or L. monocytogenes can survive for long periods in refrigerated juices and acidified culture media (1, 5, 10, 18, 19, 23) . From these reports, it is clear that pathogens can survive at low pH, maybe in low numbers, and still be infective.
Failure to apply good manufacturing practices during juice making leads to microbial contamination, thus reducing the quality of the product. As shown in Table 4 , the APC in one-third of the orange juice samples was Ն5.0 log CFU/ml. Since the time elapsed between preparing the juice and serving it to the consumer was not likely long enough to allow microbial growth, such high bacterial counts must be due to cross-contamination from improperly sanitized utensils or contaminated oranges. Similar to APCs was the case of E. coli, which was detected in 75% of orange juice samples ( Fig. 1 ) and 80 to 90% of oranges and wiping cloths (Fig. 2) . These high counts are related to poor sanitation in the environment where juices are prepared. Unpasteurized juices, including orange juice, have been repeatedly implicated as vehicles of transmission in outbreaks involving pathogens such as E. coli O157:H7, Cryptosporidium parvum, and different serovars of Salmonella (2) (3) (4) 11) . Nevertheless, many consumers still choose to drink freshly squeezed juice. Unlike juice factories, food service establishments or homes may not have an effective control measure in place. Also, the time between juice making and drinking is usually very short, increasing the risk of infection if pathogens are present. Food service establishments where fresh-squeezed juices are served should implement good manufacturing practices and strict hygiene to prevent cross-contamination from contaminated fruits or surfaces to the juice. In addition, pathogen interventions for the raw materials are recommended. For example, Pao and Davis (16) compared different sanitizers and hot-water treatments to determine their effect on artificially inoculated E. coli on the surfaces of oranges used for preparing juice. According to these authors, immersing in water at 80ЊC for 1 min resulted in an overall reduction of five log cycles without affecting the flavor of the extracted juice. Immersion in solutions of different chemicals resulted in E. coli population reductions of no greater than three log cycles. Martinez-Gonzales (13) observed similar reductions in populations of E. coli O157:H7 and Salmonella after spraying the surfaces of Valencia oranges with warm (55ЊC) L-lactic acid solution and comparing the results with those for hot-water dips. Even though it is presently admitted that no mitigation strategy will completely eliminate pathogens on produce after contamination has occurred and maintain produce freshness (22) , even relatively small reductions achieved with a disinfection method would be one additional barrier against pathogens.
In conclusion, the conditions for squeezing orange juice on the streets in Guadalajara, Mexico, may facilitate the presence of pathogens in the juice. Since the product is usually consumed within a short period of time after squeezing, pathogens present in contaminated juice can survive and cause infection. Strict hygiene is paramount to prevent juice contamination, while fruit disinfection is recommended to reduce pathogens in raw materials. Also, data from this study may be useful for further risk assessment of Salmonella or Shigella in unpasteurized, freshly squeezed juice.
